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flowers in the two states increased nearly sixfold to 2 million ha, and
then in 2 more years it decreased by a third as dry beans and corn
became more profitable than sunflowers in the Red River Valley. In the
process, the area of small grains decreased and has not recovered.
Adaptation by a change of crop can be swift, and a change in CC>2 and
climate will make an opportunity for introducing new species in farming
and make the preservation of species and the introduction of plants
more important.

Changing the variety of a crop by planting a different seed can be
even swifter than changing crops because so little needs to be altered
from the dealer who supplies chemicals to the farmer who must finance
equipment on to the consumer who may scarcely realize the change. The
question is whether breeders can make new varieties adapted to a climate
as fast as it changes.

The adaptability of crops was long ago demonstrated. In 1857,
Wendeling Grimm brought his family and 7 kg of alfalfa seed from The
Grand Duchy of Baden to Minnesota. Although the Minnesota winters,
more severe than the German winters, killed most of Grimm's alfalfa,
some survived. Planting seed from the survivors again and again, he
gradually developed an alfalfa that could become relatively dormant in
the fall and resist Minnesota cold (Burton, 1980). Given time for
population improvement, Grimm produced a new variety for a sudden
change to much colder winters. Winter wheat is another example
(Rosenberg, 1982). Since the 1920s the growing zone for hard red
winter wheat has been expanded through breeding and improved agronomic
technologies to include climates with a range of temperatures and
rainfall comparable with or greater than those predicted to occur with
a doubling of the atmospheric CC>2 concentration.

Because new varieties of crops are bred and tested outdoors, they
are indirectly adapted. For example, the yield of modern hybrids of
corn in seven states during 1972-1976 decreased only a third in bad
years, whereas the yield of open-pollinated corn in the seven states
during 1928-1936 fell fully two thirds in bad years (Harvey, 1977).
When one open-pollinated cultivar and 24 corn hybrids developed during
1930-1970 were compared, the new hybrids were especially superior in
environments that caused low yields because they were less sensitive to
drought (Russell, 1974).

The breeding of adapted varieties does have limits and costs. The
forage called Bermuda grass tolerates heat and drought, and its toler-
ance of cold has been improved. Still, it is restricted to central and
southern states (Burton, 1980). Tolerance for one stress may bring
susceptibility to another as when plants selected for heat and drought
tolerance do not have early vigor in cold soil (Jensen, 1981). Still,
some costs can become benefits: Since cold tolerance is correlated
with low yields (Jensen, 1981), it must also be said that adapting
varieties to a warmer climate will bring higher yields.

Plant breeding must keep pace with the change in climate if yields
and the food supply are not to decline. Although knowing the factor
that has changed in the environment, learning the mechanism of resis-
tance to the changed factor, and then rationally engineering just that
change in the genes of the crop is appealing, the process is still
beyond our capabilities. We are not, however, vulnerable.